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Weather and Climate Extremes    
in a Future Warmer Climate 
Gerald A. Meehl
NCAR
Small changes in mean climate are 
characterized by significant changes of     
extremes
Weather and climate extremes often produce      
the greatest impacts on human society and 
ecosystems
Impacts on Agricultural and Biological Systems 
related to Frost Days
(Meehl, Tebaldi and Nychka, 2004:  Changes in frost days in simulations of 
twentyfirst century climate, 
Climate Dynamics, 23, 495--511)
Changes in frost days affect:
Range shifts (latitudinal or 
altitudinal)
Change in growing season 
length
Water resources (change in 
snow melt season)  
Earlier flowering; emergence 
of insects; earlier mating; loss 
of habitat, shorter hibernation
Changes in frost days in the late 20th century show biggest decreases 
over the western and southwestern U.S. in observations and the model
Future changes in frost days from the climate model 
show greatest decreases in the western and 
southwestern U.S., similar to late 20th century
Large-scale changes in atmospheric 
circulation affect regional pattern of changes      
in future frost daysAnomalous 
ridge of high   
pressure brings 
warmer air to 










U.S. where an 
anomalous 
t h b i
warm
roug  r ngs 
colder air from 
north
(Meehl, Tebaldi and Nychka, 2004:  Changes in frost days in 
simulations of twentyfirst century climate, Climate Dynamics, 23, 
495--511)
Heat Waves
Impacts on human 
health and mortality  , 
economic impacts, 
ecosystem and  
wildlife impacts
(Meehl and Tebaldi, 2004:  More 
intense, more frequent and 
longer lasting heat waves in the 
21st century,  Science, 305, 994-
997)
Climate models can be used to provide 
information on changes in extreme 
events such as heat waves
Observed
Heat wave severity defined as the mean 
l 3 d i h i i iannua  - ay warmest n g tt me m n ma 
event
Model
Model compares favorably with present-
day heat wave severity
In a future warmer climate, heat waves 
become more severe in southern and 
western North America, and in the 
t E d M dit Futurewes ern uropean an  e erranean 
region
Meehl, G.A., and C. Tebaldi, 2004:  More 
i f d l l intense, more requent an  onger ast ng 
heat waves in the 21st century.  Science, 305, 
994--997.
Climate model shows an 
increase in the average 
number of heat waves per 
year in the future (top) and 
an increase in heat wave     
duration (bottom)
(model grid points near    
Chicago and Paris)
The Chicago (1995) 
and Paris (2003) heat    
waves show large 
positive 500 hPa 
h i h lie g t anoma es
For present-day heat 
waves near Chicago 
and Paris the climate ,   
model also simulates 
large positive 500 hpa 
h i ht lie g  anoma es
Atmospheric circulation  
in heat waves becomes 
more intense for future 
li t (2080 2099)c ma e -  
compared to present-day 
(1961-1990)
Future change in base    
state (mean) atmospheric 
circulation due to 
i d CO2 increase   s  
conducive to more 
intense heat waves
Current 500 mb height anomalies, 
May 7 to June 5 2006    , 
(Tebaldi , C., J.M. 
Arblaster, K. 
Hayhoe, and G.A. 
Meehl, 2006:  
Going to the
extremes:  An 
intercomparison of  
model-simulated 
historical and future 
changes
in extreme events.  
Clim. Change, in 
press.)
Tebaldi , C., J.M. Arblaster, K. Hayhoe, and 
G A Meehl 2006: Going to the. . ,     
extremes:  An intercomparison of model-
simulated historical and future changes
in extreme events.  Clim. Change, in press.
(Meehl, G.A., J.M. Arblaster, and C. Tebaldi, 2005:  Understanding future patterns of  
precipitation extremes in climate model simulations.  Geophys. Res. Lett., 32, No. 18, 
L1871910.1029/2005GL023680.)
Summary
1. Small changes in average climate are often most visibly 
manifested as changes in weather and climate extremes 
2. In many cases, changes in weather and climate extremes 
h th l t i t h d t l tave e arges  mpac s on uman an  na ura  sys ems
3. In a future warmer climate, model projections indicate fewer 
frost days; more intense more frequent and longer lasting   ,      
heat waves; and increased precipitation intensity
4 The patterns of these changes of extremes are often.          
explained by changes in atmospheric circulation in a future 
warmer climate
